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ABSTRACT
The purpose of this study was to determine whether the ef
fect of electro-convulsive shock (ECS) on the retention of the
more recent of two successive habits varies as a function of
the stimulus similarity between them.
A series of four simultaneous brightness discrimination
tasks was constructed by employing successive points along a
brightness continuum which had been chosen by human Os on the
basis of equal appearing intervals.

The discrimination

problems derived in this manner were found to be of equal
difficulty when tested on rats.
Five groups of rats, with 16 Ss per group, were assigned
randomly to five treatment conditions.

The experimental vari

able was the degree of similarity between Task A and Task H,
where Task B was the same for all groups.

Group I received

no training on Task A; in Group V, Task A was identical to
Task B.
All Ss in Groups II through V were given 20 massed trials
on Task A with an inter-trial interval of 45 sec.

Twenty-four

hours later, all five groups received 20 massed trials on Task
B.

Thirty sec. after completing trial 20v each experimental

received one ECS.

Twenty-four hours after training on Task B,

all £s were given an additional 30 trials on the problem.

The

number of errors made during the post-shock training consti
tuted the index of retention.

The results of the experiment indicated that a moderate
but consistent tendency exists to the effect that retention
of Task a is decreasingly affected by ECS with increasing
similarity to Task A.

In other words, the decrement in re

tention of Task B following BCS tends to be an inverse
function of its similarity to Task A,

However, the £ test

for interaction (ECS x similarity) did not attain the *05
level of significance#

INTRODUCTION
Numerous clinical and experimental investigations have
clearly established that convulsive shock results in a decre
ment in retention of recently acquired habits.

Zubin and

Barrera (1941), for example, found that paired word associ
ates learned immediately prior to electroshock treatment are
retained less well than similar material learned some time
before treatment.

Myerson (1943) suggests, as does Rodnick

(1942) that the therapeutic effects of convulsive M o c k may
be due to the weakening of relatively recent acquisitions
(e.g., maladaptive behavior patterns), with the result that
older patterns which have been suppressed now become dominant.
The shock-induced retention decrement for recent acquisitions
observed in clinical cases has been well substantiated by the
results gleaned from experimentation with animals, in which
virtually every general type of acquired response, instrumentally or classically conditioned, has been subjected to
electro-convulsive shock (BCS).

The majority of the studies

have employed rats as subjects, and the results consistently
reveal significant decrements in retention for (a) con
ditioned emotional responses (Brady, 1951; Brady, 1952; Brady
It Hunt, 1950; Brady & Hunt, 1951a; Brady & Hunt, 1952;
Geller, Sidaan It Brady, 1955; Hunt, Jernberg & Brady, 1952),
(b) conditioned avoidance reactions (Hayes, 1948), (c) con
ditioned reflexes (Kessler & Gellhorn, 1943), (d) simple-T
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maze learning (Duncan, 1948; Stainbrook, 1943), (e)
multiple-T maze learning (Stone & Bakhtiari, 1956), (f)
water-maze learning (Braun & Albee, 1952; Braun, Russell &
Patton, 1949a; Braun, Russell & Patton, 1949b), (g) bright
ness discrimination learning (Horowitz & Stone, 1947;
Thompson & Dean, 1955; Thompson, Haravey, Pennington, Smith,
Gannon, and Stockwell, 1958), and (h) learning in Maier's
reasoning problems (Sharp, Winder & Stone, 1946).
Pew systematic functional analyses have been attempted
in an effort to elucidate the variables that influence the
retroactive effect of BCS on acquired behavior.

Of principal

importance among these, not only for the experimental study
which this paper shall present, but for any shock study where
the dependent variable consists of either response acqui
sition or retention or both, are those relating the effect of
BCS to (a) age of the acquired habit, (b) degree of original
learning, and (c) difficulty of the learning task.

A brief

discussion of these three variables follows in the succeed
ing paragraphs.

It shall later become readily apparent,

without needing to make specific references or comments, that
as a consequence of their basic importance, the foregoing
variables necessarily became elements upon which the experi
mental design was founded.
The decrement in retention with BCS as a function of the
age of the acquired habit has been investigated by Duncan
(1949).

In this case, rats were trained on an avoidance con

ditioning problem in which BCS was given at varying intervals

3
after the termination of each daily trial.

The results indi

cated that if BCS was induced within 15 min. or less after
the termination of each trial, a significant deficit in re
tention occurred.

Essentially the same results were found

by Gerard (1955) using hamsters.

More recently, Thompson

and Dean (1955) conducted an experiment designed to elimi
nate important complications inherent in the foregoing
studies, such as the possible cumulative effects of repeated
convulsions.

Their results indicated, that a single BCS,

induced 10 sec., 2 min., or 1 hr. after mastering a discrimi
native response, results in a significant decrement in re
tention for that response, the decrement being inversely
related to the time interval.

There was no significant

difference between control subjects (Ss) and Ss receiving
shock 4 hr. later.
Retention deficit as related to degree of original
learning has been studied by Braun and Albee (1952) using a
Lashley 111 type naze modified for swimming.

Their findings

indicated a retention decrement following ECS which was a
negative accelerated function of the degree of original learn
ing.
Another relevant factor appears to be the difficulty of
the learning task.

In this case, the retention for simple

learning tasks such as an acquired running response on a
straight alleyway (Siegel, 1943), a learned response on a
water straightaway (Russell, 1949), or the correct turning
response in a simple-T water maze (Russell, 1949) do not

appear to be affected by BCS.

In a habit reversal situation,

Braun and Patton (1950) found that a simple task is not dis
rupted to the extent that previously learned habits are rein
stated.
It is highly probable that additional factors may be
shown to have an important bearing on the relationship
governing retention of acquired behavior and convulsive
shock.

If nothing else, the vast inconsistency of thera

peutic results with human patients cogently illustrates the
complexity of this relationship.

It is not unlikely, for

example, that the subject's previous experience will to some
extent influence the direction and degree of effects of con
vulsive shock on retention of acquired habits.

For although

the evidence indicates that relatively remote acquisitions
are impervious to the effects of convulsive shock (cf. above),
it does not follow that the effects of this treatment on
recently acquired habits is independent of previous learning.
The dependency relationship between recent and remote be
havior is to be expected on the basis of transfer of train
ing studies and retroaction - proaction experiments (cf.
Osgood, 1953); in these cases, the similarity relationship
holding between components of two discrete tasks has been
shown to be a factor of critical importance.

Therefore, the

resistance of recent acquisitions to disruption, from what
ever cause, is undoubtedly influenced by previous experience.

an influence whose magnitude, in all probability, is de
termined by the degree of similarity of the remote to the
new learning.
An extensive survey of the literature has failed tc
reveal any systematic analysis of the possible differential
effect of ECS on recent acquisitions varying with the simi
larity of previously learned tasks.

Similarity is a multiple

variable in that there are usually several components of two
tasks between which a given similarity relationship may hold.
Basically, however, the two variables in a learning situation
to which a similarity function must relate are either the
stimulus or the response, or both.

Of these two factors, the

stimulus variable can be more actively manipulated, i.e., be
allowed to vary along a single physical dimension which,
preferably, defines a unitary characteristic of that stimulus
(e.g., frequency or amplitude of an auditory stimulus, wave
length or intensity of a visual stimulus, etc.).

The empiri

cal demonstration in a learning situation of stimulus
similarity is stimulus generalization; i.e., when stimulus X
gains power to elicit response Y, other stimuli similar to X
may also be shown to have some tendency to elicit Y.

The re

sponse variable, unlike the stimulus, is not directly manipu1atable but nevertheless can be controlled.

This control is

achieved by means of differential reinforcement which cur
tails response generalization if a response similarity gradi
ent is known to exist (e.g., in paired-associate verbal

learning).

However, there does not appear to be much system

atic evidence of a gradient of response generalization which
has been independently derived as in the case of stimulus
generalization gradients (cf. Hilgard & Marquis, 1940).
Therefore, in most instances, and especially in animal learn
ing, stimulus similarity has been the parameter manipulated,
while maintaining the response invariant (i.e., functionally
identical with stimulus variations).

Specifically, then, the

question that this investigation proposes to answer is the
followings

does the effect of BCS on the retention of the

more recent of two successive habits vary as a function of
similarity between stimuli which elicit them?
The nature of the problem dictates the use of different
experimental conditions with different groups of subjects.
Thus, for example, one group would learn a pair of successive
tasks of minimum similarity, a second group, tasks of moder
ate similarity, a third group, tasks of maximum similarity,
and so forth.

Furthermore, an experimental design is needed

such that any one task in a pair is equally difficult to all
other tasks within and between groups.

In other words, the

first task in, say, the first group must be equal in diffi
culty (independently measured) to the second task, and equal
in difficulty to the first or second tasks in any of the
other groups as well.

A technique which appears to meet

this requirement of constant difficulty for a number of simi
lar tasks is basically by means of simultaneous brightness

discrimination learning using intensity levels which have
been selected by human subjects on the basis of equal ap
pearing intervals,

Schlosberg and Solomon (1943), in a

brightness generalization study with rats found that equal
steps for humans represent equal steps for rats as well.
In other words, with rats as in humans, a unit change in the
physical stimulus at different places along its continuum
will not elicit equally different responses.

Furthermore, a

study by Hanes (1949) with human subjects indicated that
subjectively equal units along the brightness dimension
corresponds to the difference limen (UL) at various points
in the scale on intensities.

Hence, for humans at least,

equal intervals in brightness also represent equal discriminabilities between adjacent points.

Assuming that this also

holds for rats (i.e., equal intervals ■ equal discriminabilities), a symbolic description of a series of pairs of
tasks follows, using five intensity levels chosen by human
subjects as those fractionating equal appearing intervals on
the brightness dimension (designated as S^, $2 * S3 , S4 , and
S^, from least bright to most bright, respectively):
Fair

I

Fair

II

Task A - S1 -S2 + (where
and S2 are the
stimuli to be discrimiTask B - S ^ - S ^ nated)
Task A - S.-S-.
2
T..k B - S4-SJ+
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Task A - S3-S4,
Pair

III
Task B - S.-S-.
4

Pair

IV

Task A - S -SeA
4 5t
Task B - S -S
4 54-

The foregoing paradigm mould, therefore, exhibit the
following points:

(a) a systematic variation from minimum

stimulus similarity between tasks in Pair I, to maximum
similarity (identity) in Pair IV, and (b) equal discriminability of stimuli (see APPENDIX A for test of this as
sumption) between tasks within any pair as well as among all
pairs.

METHOD
Subjects
The Ss consisted of Sprague-Dawley albino rats, 90-120
days of age at the tine of experinentation.

A total number

of 80 male Ss were used.
Apparatus
Discrimination apparatus
A simultaneous brightness discrimination apparatus was
designed and constructed, which utilized the motives of
electric shock avoidance and punishment.

The floor plan of

the apparatus, seen in Pig. 1, is in some respects similar
to a visual discrimination box which has been used ex
tensively by Thompson and his students (cf. Thompson et al.,
1958).

The present apparatus consisted of a start box, a V-

shaped choice chamber, a partitioned goal box, and a lightsour ce compartment.

Between the start box and the choice

chamber was a manually operated lucite plastic door.

The

floor of the start box and the choice chamber consisted of a
grid of transversely placed bronze rods, 3/16 in. in diame
ter.
mesh.

The floor of the goal box was made of wood and wire
Two openings, 3-1/2 in. square, were located at the

end of the choice chamber.

A vertical partition midway be

tween the windows extended 3 in. into the choice chamber.
9

A

FIGURE 1
Diagram of Simultaneous Brightness Discrimination Apparatus
Blower

7i"

HN

o
Lucite Door

SIDB VIEW

I*

*IRS - Intensity Regulating Screen
LSC - Light-Source Compartment

TOP T I W
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1/2 in. gap separated each of the rods with the exception of
the area extending from the base of each window to the end
of the vertical partition.

Here, the rods were separated by

only 1/4 in., and were so wired that either the left or the
right could be independently charged.
Two openings at the end of the choice chamber were
equipped with hinged door panels by means of which the S
could enter the goal box.

The panels consisted of a light

diffusing plastic which, when illuminated from behind, thus
constituted the stimuli to be discriminated.

In order to

prevent retracing, springs in the doors caused them to close
after the S had passed through them.
The light source for each door panel was provided by
separate 300-watt projection bulbs (Westinghouse T8 1/2)
mounted in a compartment located immediately behind the
divided goal box.1

Sandblasted glass panes were placed im

mediately anterior to the openings of the light compartment
in order to diffuse the light traversing apertures in slidescreens which regulated intensity.

The glass panes also

served to isolate from the goal box the intense heat gener
ated by the projection lamps.

A blower fan ventilated and

cooled the interior of the light-source compartment.
The brightness intensities for the stimuli were con
trolled by apertures of different diameters drilled in 2*'x24'*

^The goal box was partitioned in order to maintain inde
pendent the two intensities of light which traversed this
area.
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sheet-metal screens which were slipped into guides in front
of the light sources.

A screen for esch stimulus-pair con

tained 3 holes equidistant apart.

The outer two holes,

identical in diameter, provided the intensity level requireed by one stimulus of a pair, and the middle bole provided
the intensity level of the second stimulus.2

Thus, by

merely moving the screen laterally, the two intensities were
readily interchanged in a right-left position as required by
a chance order of presentation.
Relay System No. 1:

Stimulus-position control of door and

£tid
The right-left movement of the manually operated sliding
screen served to trip a rotary microswitch, activating a
relay circuit which automatically charged the grid section
immediately anterior to the negative door.

The same circuit

simultaneously locked the negative door and unlocked the
positive.

The locking mechanisms were in the form of two 6

YDC solenoids (Delco), one for each door, which were recipro
cally activated, i.e., when one was energized (door unlocked),
the other released (door locked).

Power for the solenoids was

provided by means of a transformer whose 6.3 V. filament leads

2The exact diameters of the holes which regulated in
tensity cannot be presented, inasmuch as there was no means
of measuring the two smallest apertures, which were made by
barely piercing aluminum foil with the point of a sharp
needle.
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were hooked up to a selenium rectifier in order to convert
AC to DC.

By means of the above arrangement, therefore,

three separate functions were simultaneously performed by
moving the screen laterally:

(a) the position of the stimuli

was interchanged, (b) the grid section immediately anterior
to the negative door was electrically charged, and (c) the
positive door was unlocked and the negative door locked.
This electrical arrangement (Relay System No, 1) is dia
grammed in Pig. 2.
Relay System N o . 2:

Automatic control of inter-trial inter

val duration and of stimulus presentation
Whenever the positive door was pushed open by the S, it
interrupted a light beam in a photo-electric relay (Warner,
Model 69) which in turn extinguished the stimulus light
sources.

The schematic diagram for the photo-electric relay

amplifier is reproduced in Pig. 3.

The action of extinguish

ing the lights was intended to serve four purposes:

(a) to

preclude negative avoidance reactions to the intense light
when S entered the goal box, (b) to render the S relatively
dark-adapted before the exposure on the next trial, (c) to
control for the brightness intensity difference between the
inside of the goal box and that in the choice chamber, and
(d) to minimize interpolated visual experience from irrele
vant stimuli between trials (cf. Thompson & Bryant, 1955).
The lights remained off for exactly 45 sec. (equal to the
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inter-trial interval duration).

The time interval was auto

matically controlled by an electronic timer (Hunter, Model
1110-B), which as part of the photo-relay system mentioned
above, controlled the inter-trial interval duration and
then turned the lights back on.

In order to provide the

experimenter (£) with an indication of elapsed time during
the inter-trial interval, a Standard electric clock was
triggered by the same relay network, and the S was returned
to the start box 10 sec. before the start of the next trial.
A second clock commenced simultaneously with the re
presentation of the stimuli and served the purpose of indi
cating when shock was to be delivered by £ (e.g., a momentary
shock every 5 sec. if S remained in the start box, or when S
failed to respond within 30 sec. while in the choice chamberX
An excursion of the door of only 3/4 in. from its normally
closed position was sufficient to interrupt the light beam to
the photo-cell.

The light beam was 3/16 in. in diameter, was

continuously on, and for the latter reason was first filtered
(Kodak Wratten A red filter) before traversing the goal
boxes.

The complete system is diagrammed in Pig. 4.

Of the two principal methods of stimulus presentation
in brightness discrimination experiments with rats, the use
of reflected light has by far been more common than the use
of emitted light.

The former technique essentially involves

the mixing of different proportions of black to white paint
and applying the separate mixtures to cards or other similar
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surfaces.

The object is to obtain a series of homogeneous

grays extending from black to white with a corresponding
scale of reflectance values.

However, in spite of the in

creased technical complexity involved with the alternative
method, the use of emitted light rather than reflected was
decided upon because of the following considerations:

(a)

Since the light from a single source, such as that emitted
from an incandescent body, is on a continuously variable
dimension of intensity, one can select with the highest
degree of precision possible any level desired, and define
it in exact physical units.

This does not hold for a series

of gray cards, due to discrete gaps which must necessarily
exist when scaling the reflectance values,

(b) There is no

immediate restriction to the upper limit of brightness in
tensity when using emitted light as there is for reflecting
surfaces.

Therefore, the range to be fractioned by a speci

fied number of points can be varied to suit the degree of
discriminability desired between adjacent points,

(c) inci

dent light can be seldom restricted solely to that reflecting
surface which is to serve as the stimulus and, thus, all
other surrounding surfaces with their inherent irregularities
become irrelevant distracting stimuli, if not potentially
critical cues.

This dilemma is resolved with an arrangement

using emitted light.

Thus, in the present discrimination

apparatus, for example, the stimulus field was in the form
of two luminous white squares in a relatively dark field.
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(d) Finally, the use of self-illuminated panels as stimuli
can dispense with all other sources of general illumination
in the experimental setting.

The Ss can thus be subjected

to the experimental treatments under maintained dark-adapted
states, thereby tending to maximize visual acuity.
The use of a rheostat to manipulate intensity by varying
the amount of current flow has been used by most workers in
the past (cf. Lashley, 1935).

However, it was discarded as

the method of regulating the different intensities due to
the fact that the wavelength characteristics of the light
would have varied as a function of the filament temperature,
as determined by the amount of current.

Color, as a stimulus

characteristic, would thus have been confounded with bright
ness.

Moreover, the simultaneous presentation of the stimu

li render impractical rheostat-control of intensities.

Both

of these problems were obviated by the use of aperaturecontrolled intensities.
Grid current generator
The entire grid floor of the apparatus was connected
to a stimulus-generator constructed similarly to one used
by Dinsmoor (1958).

The outstanding feature of this shock-

sour ce apparatus is that it provides a constant current in
spite of marked variations in the resistance of the skin and
the resistance at the point of contact.

The choice-chamber

grid was charged only when a momentary contact push-button
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switch was closed, while the grid anterior to the negative
door was continuously charged.

It was found necessary to

electrify the door springs within the goal box in order to
discourage the Ss from chewing them to destruction.

A

series of neon-light indicators as part of the shock circuit
were utilized to provide a visual indication to fi that the S
had come in contact with the negative grid, and be counted
as an error.

This was necessary, for, at the very low in

tensities of light in some stimulus-pairs, it was virtually
impossible to rely on preceiving the Ss' reaction to shock.
Other neon lights were employed to reveal the occurrence and
location of a short circuit, whether in the choice chamber
or at the negative-door grid.

A short circuit prevented the

S from receiving the current, and the frequent excretion of
the Ss on the grids was the origin of this problem.
The maximum output of the shock generator was .6 ma.
at 600 VAC, 60 cycles.

The intensity, as measured on the

grids, used throughout the experiment was .185 -.025 ma.
The schematic diagram of the apparatus is illustrated in
Fig. 5.
BCS current generator
The electroshock apparatus employed was similar in
design to that described by Hayes (1948), except that a more
flexible method of time regulation was provided, and the
output was restricted to one current value.

The schematic

Aoees*
Outpot

Megatiee
Door Grid

SB k CC*
Grid

/- Z 52* 'z~ z a&>

m 600 T.

r. to
PilnMnt Heaters
SB It CC ■ Start Booc and Choice Chaaber
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is shown in Fig. 6.

A current strength of 55 ma., at 1500

VAC, 60 cycles was delivered by means of alligator clips
mounted on S's ears.

The duration of the current (.05 sec.)

was regulated by a Hunter timer, Model 1110-B.
Procedure
Preliminary training
The Ss were handled 10 min. each day for four days prior
to preliminary training.

On days 1 and 2, S was allowed to

explore the goal box for a 10 min. period.

The doors to the

choice chamber were locked in order to prevent S from enter
ing it.

On day 3, S was trained to run from the start box,

through the open doors and into the goal box in order to
avoid shock.

Specifically, S was placed in the start box

and the door leading into the choice chantoer opened.

Failure

to leave the start box within 5 sec. was followed by a momen
tary shock from the grid floor.

If S remained in the choice

chamber longer than 30 sec., the grid was again charged
momentarily.

This procedure was continued until S ran five

successive trials without the aid of shock.

General illumi

nation from ceiling-light fixtures rendered visible all
parts of the apparatus during preliminary training.
experimental room was light proof.

The

On day 4, the doors lead

ing to the goal box were gradually closed with successive
trials until S had learned to push against them in order to
excape from the choice chamber.

The doors were not yet

PIOURB 6
SchaMtic Diagron of Sloctro-CoirvttlsiTo Shock Curroat-Qonorotor

2b K
1500 T

Htmtor

To SOBJBCT
(55 ■».)

24
self-illuminated.
Test problem training
Training on a test problem was initiated 24 hr. after
the completion of preliminary training.

The learning con

sisted of simultaneous brightness discrimination using
emitted light on diffusing panels as the stimuli to be dis
criminated.

A response to the positive stimulus (the

brighter light) admitted S to the goal box, whereas response
to the locked negative door (the dimmer light) was punished.
Punishment involved the automatic receipt of an electric
shock from the grid section which extended for a distance
of 3 in. anterior to the negative stimulus.

The positive

stimulus was shifted from right to left in accordance with a
predetermined sequence designed to prevent scores above
chance from occurring by position habits, simple alternation,
or double alternation (Gellerman, 1933).

The specific train

ing procedure on a test problem was as follows:
in the start box and the door raised.

S was placed

If S failed to leave

the start box within 5 sec., the grid was charged momen
tarily.

No further shock occurred unless S made an error or

unless S failed to make a choice within 30 sec.

An error

was defined as an approach response to the negative stimu
lus which brings S*s forefeet in contact with the charged
grid section.

The correction technique was necessarily used

and only initial errors were recorded.

All Ss followed the
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same training procedure throughout the experiment.
In view of the fact that retention of a visual dis
crimination problem is influenced by the degree of interpo
lated illumination (Thompson & Bryant, 1955), the Ss were
maintained in the light-proof experimental room.

A screen

between the animal cages and the apparatus served to mini
mize visual stimulation while training other Ss on the test
problem.

Besides controlling for the aforesaid source of

variance, the Ss also were, as a consequence, relatively
dark-adapted when first exposed to test training, the pre
exposure levels being randomly distributed over all Ss.
The intensities of the stimuli, given in foot-candles
by a Oejur Dual-Professional exposure meter placed directly
against the door panels were as follows:
s

* 0.25

f.c.

s

0.25

f.c.

*

1.50

f.c.

*4 -

20.00

f.c.

8

150.00

f.c.

S1
*2

S3

S5

S^ was paired with S^, S^ with S^, S^ with S^, and S^
with S^, thus forming four sets of stimuli-to-be-discriminated, with the higher intensity in each pair designated as

^The light meter was not constructed to indicate precise
intensity values of less than .25 f.c.
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the positive stimulus.

That the discriminability of each

pair is constant was indicated by the results of a pre
liminary determination (see APPENDIX A).
Five groups of 16 Ss were formed, following preliminary
training, in accordance with a table of random numbers
(Lindquist, 1956).

Bach group was further subdivided and

one-half the Ss received one ECS.
control Ss.

The remainder served as

The groups and their corresponding treatment

conditions were as follows:
n

Train A

Exp.

8

Con.

8

Exp.

8

Con.

8

Exp.

8

Con.

8

Exp.

8

Con.

8

Exp.

8
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w
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8
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II
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X
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X

X
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W

W

ECS
X
ECS
X
ECS

s4-ss*

X

s -s ♦
4 °5

ECS

S4 -S 54*

X

S4 -S5V

All Ss in Groups II through V were given 20 massed
trials on Task A with an inter-trial interval of 45 sec.
Twenty-four hours later, all groups received 20 massed trials

on Task B.

Thirty sec. after completing trial 20, each ex

perimental S received one £CS at 55 ma., for .05 sec.

The

alligator clips were applied to the control Ss ears but no
current was delivered.

Twenty-four hours after training on

Task B, all Ss were given an additional 30 trials on the
problem.

The number of errors made during the post-shock

training constituted the index of retention.

RESULTS
Preceding the presentation of the results per se, the
basic paradigm which characterizes the experimental design
is presented below in order to relate more expeditiously the
results to the different aspects of training and the subse
quent testing of retention:
A
Exp:
Con:

Train Task A

- Train Task B - ECS - Test Task B

x
Train Task Ax

- Train Task B -

(20 trials)

X

(20 trials)

- Test Task B
(30 trials)

Task Ax varied from minimum to maximum similarity to Task B
with different groups.

Task B was the same for all groups.

The number of errors during the post-shock series of trials
on Task B served as an index of retention.
Table I presents the performance measures for all groups
trained on Task A^.

The percentage errors, mean errors, and

SD were computed on the combined experimental and control
subgroup scores as there was no significant difference be
tween them, as given by the F ratio shown in Table II.
I did not receive training on Task A^.

Group

The similarity of

4The subscript "x" is used to indicate that Task A con
sisted of different stimulus-pairs with discrete groups.
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TABLE I
Group Performance Measures on Task A

x

Groups
I

II

III

IV

V

Mean Errors

8.19

8.69

8.62

8.94

SD

2.51

2.11

2.22

2.30

41

43

43

45

Percentage Errors

30

TABLE II
Analysis of Variance of Errors on Task A

Source

df

MS

£

x

Similarity

3

1.33

.21

Pre-ECS

1

0.00

.00

Interaction

3

1.33

.21

56

6.41

Within
Total

63
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Task A

to Task B progressed systematically from least simi-

larity in Group II to maximum similarity (identity) in Group
V.

A 2 x 4 (pre-ECS x similarity) analysis of variance was

applied to the error scores, and the results are shown in
Table II.

The F ratio for the similarity variance was less

than unity, indicating no significant difference in the
discriminability of the different stimulus-pairs (see Fig.
7).

The non-significance of the F ratio for the pre-ECS vs.

control subgroup errors is presented as evidence for a lack
of biased samples.
The performance measures for all groups trained on Task
B are presented in Table III.

The percentage errors, mean

errors, and SD represent the combined experimental and con
trol scores since there was no significant difference between
them, as indicated in Table IV.

The percentage errors was a

maximum of 47% in Group I, decreasing progressively to a
minimum of 27% in Group V.

In order to test for a signifi

cance among these differences, an analysis of variance was
applied to the error scores.

The resultant F ratio was suf

ficiently large to obtain a p value of <.001.

Percentage

errors in Task B appears, therefore, to be an inverse
function of its similarity to Task A^, a relationship more
clearly seen by inspection of the plots in Fig. 7.

The F

ratios for pre-ECS (pre-shock experimental vs. control Ss)
and interaction (pre-ECS x similarity) were less than unity.
Since all treatment groups were identical in size, it

Train Task
Train Task
Test Task B
Teat Task B

II

■i
I
-(ECS)
-(Con)

III
GROUPS

V«J

to
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TABLE III
Group Performance Measures on Task B

Groups
I

II

III

IV

V

Mean Errors

9.31

6.94

6.00

5.56

5.31

SD

2.02

2.49

2.37

1.87

1.76

47

35

30

28

27

Percentage Errors

34

TABLE IV
Analysis of Variance of Errors on Task B

Source

df

MS

F

Similarity

4

42.25

Pre-ECS

1

0.00

0.00

Interaction

4

.25

.06

70

5.13

Within
Total
*p < . 0 0 1

79

10.56*
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was not necessary to compute individual t/s in order to test
the significance of the differences between mean error scores
for individual groups trained on Task B.

Instead, the criti

cal difference (CD) (Lindquist, 1956), a value equal to the
product of the SE^ times a _t value at any pre-selected level
“M
of significance, was calculated. Using the MS^ as an esti
mate of the population variance to apply to all pairs of
means, the resulting S B ^ was 1.13.

With 70 df, differences

of 2.25 and 2.99 between~mean error scores were significant
at the .01 and .05 levels, respectively.

The obtained

differences and levels of significance are tabulated in
Table V.
Following the last training trial on Task B, the ex
perimental Ss in all groups received 1 ECS.

Twenty-four

hours later, all groups received 30 additional trials on
Task B.

Table VI presents the performance measures for the

post-shock experimental and control groups.

Examination of

this table reveals, again, a progressive decrement in per
centage errors with increasing similarity in both the ex
perimental (ECS) and the control subgroups.

Bartlett's test

of homogeneity of variance (Bdwards, 1950) was applied to
the post-shock data, and with 9 df, a B ' value of 15.64 was
derived.

This figure falls just short of the .05 level of

significance since a Chi-square value of 16.92 is required
at the .05 point.

However, as Norton (1952) has pointed out,
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TABLE V
Significance of Difference Between
Group Mean Errors on Task B

Group Means

Difference

M_
I

-

M‘
ti

- M
tt
“
MtIII

3.31

Mj

- M iy

3.76

Mj

- My

4.00**

Mu

— ^III

0.94

M ji

■ M 1V

1.38

Mn

• "v

1.63

"h i

* M IV

°*44

Mm

-

° - 69

Mjy

- My

0.25

II

2.37*
★★

*p *

*. 05

**p * « . 0 1
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TABLE VI
Performance Measures for ECS and Control Subgroups on
Task B Retention Trials

Groups
I

IV

V

9.62

7.75

6.62

5.38

1.73

2.54

1.39

1.32

1.32

37

32

26

22

18

Mean Errors

8.12

7.38

6.25

5.75

4.88

SD

1.27

3.08

1.85

1.30

1.17

27

25

21

19

16

SD
Percent Errors

Control

III

11.00

Mean Errors
ECS

II

Percent Errors

unless the heterogeneity of variance is so extreme as to be
readily apparent upon inspection of the data, the effect
upon the F-distribution is probably negligible.

Even if the

heterogeneity were "marked" but not "extreme," allowance
could be made for this fact by setting a higher level of
significance for the tests of treatment effects than would
otherwise be employed.

On this basis, then, an analysis of

variance (ECS x similarity) was applied and the results were
entered in Table VII.
as a p of

A p of * .001 for similarity, as well

.001 for ECS, was obtained, indicating a highly

significant difference in each of these two variables.

De

spite the fact that the interaction variance was not sig
nificant at the .05 level, inspection of Fig. 7 suggests
that the effects of ECS on the retention of Task B tends to
vary with the similarity to Task A.
The differences between the ECS and control subgroups
for individual treatment conditions (similarity) were tested
for significance by employing, again, the CD rather than
calculating separate _t values.

The S E ^ was .96, based on

the MSff as an estimate of the population variance to apply
to all pairs of means.

With 70 df, error differences of

1.96 and 2.54 were significant at the .05 and .01 levels,
respectively.

As can be seen in Table VIII, a significant

difference exists between the experimental and control sub
groups of Groups I and II only.

The remainder of the differ

ences fell short of the .05 level.
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TABLE VII
Analysis of Variance of Post-Shock Errors
on Task B Retention Trials

Source

df

MS

F

Similarity

4

50.50

13.61*

ECS

1

51.00

13.75*

Interaction

4

3.75

70

3.71

Within
Total

*p * *.001

79

1.01

40

TABLE VIII
Significance of Differences Between BCS and Control
Mean Errors for Individual Groups

II
III
IV
V
★

pa

__
*.05

**P « - .01

2.88

4tit

2.24*
1.50
00

I

M
- M
ECS
Con.

.

Group

.50
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The significance of the differences between the groups
varying in Task

is presented in Table IX.

Since the CO

here was based on exactly the same data upon which the CD
between shock and non-shock was calculated, no further
computations were necessary.

Accordingly, differences in

mean errors of 1.96 and 2.54 were significant at the .05
and .01 levels, respectively.
As inspection of Table IX reveals, significant differ
ences in mean errors existed between control subgroups I
and IV, I and V, and II and V.

On the other hand, a sig

nificant difference existed between ECS subgroups I vs. Ill,
IV and V; II vs. IV and V; and III vs. V.

The lesser the

similarity between tasks, the greater was the difference,
and thus, the greater the probability of attaining signifi
cance.

That more significant differences resulted between

the experimental than between the control subgroups is evi
dent from an inspection of the plots in Pig. 7 which shows
that the experimental groups display a greater slope of line
than do the control subgroups.

Had there been a constant

decremental effect of £CS on retention, the two arrays would
have followed a parallel course.
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TABLE IX
Significance of Differences Between Post-Shock
Group Mean Errors

Groups

«i

Control
Difference

ECS
Difference

Mu

0.74

1.38

Mi - Mm

1.87

3.25

mi - M IV

2.37

4.38

*

3.24

- "v

**

5.62

M II “ M III

1,13

1,87

M II * M IV

1.63

3.00

Mn

2.50

4.24

M III” M IV

0.50

1.13

m iii"

**v

1.37

2.37

M jy — My

0.87

1.24

- My

*p *

^ ,05

**p »

- .01

★★
*★

★

DISCUSSION
It was stated in the INTRODUCTION that a basic as
sumption for a controlled and systematic variation of a
similarity relationship between two tasks is that the degree
of difficulty for any one task be equal, when measured inde
pendent of previous acquisitions, to the difficulty of the
other task.

Resolution of this problem is especially diffi

cult in discrimination learning, since the response-to-beacquired is not simply a function of the properties of a
single stimulus but a function of the differential charac
teristics of two stimuli.

As a consequence, a systematic

variation of the similarity between discrimination tasks
requires that the relation between the discriminandi in one
stimulus-pair be constant to other stimulus-pairs in terms
not necessarily of equal physical units on a linear scale but
of some other scale which yields response equivalence for
different tasks.

Discounting possible statistical methods

which may be applied to the data to equate discriminability
for different tasks, it is apparent that unless the afore
mentioned task-controlled situation be present, the sta
tistical description of the dependent variable can not be
valid, which in turn would vitiate any apparent functional
relationship between it and the independent variable.
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Analysis of the performance data for groups trained on
Task A

appears to render valid the assumption of equal

discriminability for different stimulus-pairs.

The non

significance of differences among groups served to corrobo
rate what had already been shown to exist by way of a
preliminary study (see APPENDIX A); namely, that pairs of
stimuli formed from successive points along a brightness
continuum representing equal appearing intervals for humans
results in a series of discrimination tasks of equal diffi
culty for rats.

It is of parenthetical interest to note

that the CL for humans at various points along the visual
intensity

scale is, therefore, apparently equal to the CL

for rats as well.

The purpose served by this observation

in the present study, testifies for its significance in ex
perimental methodology, and also affords a basis for con
sidering the possibility that other sense modalities have a
comparable psychophysical correspondence between species.
In addition to the lack of a significant difference
between groups on the similarity dimension, the same lack
is evident for the differences between the experimental and
control (pre-shock) subgroups trained on Task A^.

This pre

treatment equivalence in performance may be taken as evi
dence for samples without significant biases.
Analysis of the data in Task B resulted in a highly
significant difference among the groups previously trained
on Task Ax *

The greatest percentage errors, 47%, was made
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by Group I, since this group did not receive training on
Task A^.

As would be expected, the difference in errors

between Group I and any other group on Task A^ was not sig
nificant.

This follows from the fact that the training on

Task B for Group 1 constituted initial acquisition trials
on a task which was equal in difficulty to that of any group
trained on Task Ax; moreover, it was identical to the initial
task upon which Group V was trained.

The percentage errors

progressively decreased with successive groups, dropping
finally to a minimum value of 27% in Group V, where Task B
was simply continued practice on Task A^.

A statistically

significant difference between pairs of means existed for
Group I vs. each of the remaining groups.

Ail other differ

ences between groups fell short of the .05 level of signifi
cance.

The conspicuous behavior of Group 1 appears to be,

again, a function of the absence of any previous training on
a discrimination task, in contradistinction to the case which
applies to Groups II through V.
Evidence, in the form of a lack of significant differ
ence, for an equivalence between the pre-shock experimental
Ss trained on Task B continued to exist, as was the case for
performance measures on Task Ax *

The interaction variance

5See p. 26 of the METHOD section, which presented a sym
bolic summarisation of the experimental design, indicating
all groups and their corresponding treatment conditions.
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was, of course, not significant.
It is obvious, as inspection of the plots in Pig. 7
will show, that the percentage errors for the different
groups on Task B varied inversely with degree of similarity
to Task Ax «

In other words, the percentage errors in Task

B decreased as its similarity to Task A

increased.

Hxami-

nation of the performance measures on Tasks Ax and B within
any one group alone, excepting Group I, of course, is suf
ficient evidence for a positive transfer effect, for knowing
that Ax and B are independently equally difficult, we need
only observe that B, coming second, was acquired more easily
than A.

Furthermore, even if A

and B were to have been of
x
unequal difficulty, the use in this design of a matched con
trol group, Group I, which simply learned Task B, bears out
a transfer effect.

An overall inspection of the performance

measures for all groups tends to verify the prediction that
when the second

task presents new stimuli but demands the

old response (in our case, response always to the brighter
stimulus), there should be a gradient of positive transfer
effect corresponding to the similarity gradient symbolized
by S.* and S_*.
A
D
It is not the purpose of this study, at least for the
present, to attempt a resolution of the perennial issue of
whether discrimination is based on the absolute or the rela
tive properties of the discriminated stimuli, and thus, the
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following is mentioned strictly in passing.

In this con

nection, it is interesting to note the behavior of the one
and only group, Group IV, where the positive stimulus in
Task A became the negative stimulus in Task B.

As was seen

in Fig. 7, Group IV, as well as the other groups, exhibited
a decrement in errors on Task B following training on Task
Ax .

Furthermore, the plotted value was directly in line with

the plotted points representing the performances of the other
groups.

Had discrimination been based on the so called

"absolute" characteristics of the discriminated stimuli, then
there should have been a significant increment in errors dis
rupting this otherwise linear effect.

This fact may be taken

to reinforce the Gestalt notion of transposition, not ignor
ing, of course, the fact that all other groups exhibited the
same thing as well.

However, it is debatable whether the

performance of Group TV necessarily constitutes evidence for
refutation of discrimination learning on an absolute basis.
The reason for this is that the observed phenomenon is ap
parently predictable from Spence's (1937) theory of trans
position, wherein the gradients for generalization and
inhibition were generated entirely on the basis of the abso
lute characteristics of the individual stimuli.

It appears

that the difference between Kohler's (1925) theory and
Spence's is that in the latter, the known failure of trans
position, in some cases, with extreme stimuli can probably
be predicted (Hilgard, 1956).
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The final analysis, the results with which this study
was primarily interested, is concerned with the effect of
£CS on the retention of Task B having first received train*
ing on Task Ax*

To reiterate, the index of retention was

taken as the number of errors made during 30 additional
trials on Task B following BCS.

The F ratio between the

experimental and control groups was significant at a p of *
•001.

Calculation of the CD and its subsequent comparison

to the obtained differences revealed significances at the
.01 and .05 levels between experimental and control in
Groups I and II, respectively.

The differences continued

to decrease progressively with succeeding groups, differences
falling short, however, of the .05 significance level.

This

convergence in performance between the experimental and con
trol subgroups with succeeding groups is graphically evident,
as inspection of Fig. 7 will bear.
The P ratio for retention scores of groups varying in
Task Ax was as highly significant as that for the shock vari
ance (p * -*.0 0 1 ), indicating that the retention score
(number of errors) is again an inverse function of degree of
similarity between Tasks B and A.

These test results for

retention may be spoken of as describing proactive facilitory effects, the counterpart of the term "positive trans
fer effect" used to describe the previously noted effects
of an acquired habit on the learning of a subsequent task.
And indeed, all that applied to the discussion of positive
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transfer applies equally well to proactive facilitation:
the sources of evidence supporting or demonstrating the
phenomenon in individual groups is derived in the same
manner; having done this, an overall analysis of the differ
ences displays a gradient of proactive facilitation effect
which, as for the positive transfer gradient, corresponds to
the similarity gradient generated by Tasks Ax and B.

This

correlation between retention and the performance level
achieved in training is clearly illustrated in Pig. 7 by
comparing the plots describing the performance of individual
groups trained on Task B with that of the control groups
tested for Task B.

With the exception of Group I, it is

seen that the decreasing decrement in errors in these two
arrays follows a parallel course.

This parallelism fails

to hold, however, for the BCS groups tested for Task B.

The

effect of BCS on retention, in other words, does not appear
to be constant for all groups but, indeed, seems to vary
differentially as some function of the similarity gradient
produced by Tasks A

and B. Unfortunately, from a stax
tistical point at least, we can not speak conclusively for
the reliability of this observation since the P test for
interaction (BCS x similarity) did not attain a significant
level.

As a consequence, the most we can say is that a

moderate but consistent tendency exists to the effect that
retention of Task B is decreasingly affected by BCS with
increasing similarity to Task Ax .

The lack of a significant interaction does not consti
tute prima facie evidence that the null hypothesis is true
because the risk in making a Type II error is principally a
function of the precision of the experiments
precision the greater the risk.

the less the

Not only does precision

depend upon the variability of the experimental material (as
measured by the MS^) but is dependent also upon the size of
the treatment groups for individual cells.

The larger the

size of the groups the greater the precision and also the
larger the size of the F ratio.

This follows from the fact

that the numerator (treatment variance) in the F ratio is,
in addition to the size of the differences among means, de
pendent upon the sizes of the treatment groups as well.
Consideration, then, of the effect of precision on the risk
of accepting the null hypothesis when it is actually false
presents the question of whether the size of groups employed
in this study were insufficiently large to prove significant
a potential interaction.

The increased likelihood of this

possibility follows from the fact that only a total number
of 80 Ss were available for assignment to the ten treatmentcombinations (five levels on similarity x 2 levels of shock),
which meant, of course, that the actual size of the treatment
groups was but 8 Ss per cell.
The performance measure **percentage errors" has been used
both as an index of the difficulty of discrimination as well
as the index of retention.

It may also be employed as the
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behavioral manifestation for still another function, namely,
degree of learning.

This third index for percentage errors

holds especial reference, or can be more logically related,
to the training on Task B, in which case, parenthetically
speaking, would be better expressed as the converse, "percent
correct responses."

This follows from the fact the "re

sponse" or "performance" is the only empirical event to
measure relatively permanent changes in behavior as a
function of previous experience.

In discrimination learning,

because of the constitutional characteristics of the experi
mental designs employed for use with this type of learning,
we are restricted to a relatively few performance measures,
namely, number of trials to reach a certain criterion of
learning, or the proportion of incorrect (or correct) choices,
or less frequently, latency of response.

In view of these

considerations, we can, therefore, maintain without being ac
cused of logical inconsistency, that besides being an index
of difficulty and of retention, percentage errors, in train
ing on Task B, was also an index of the degree of learning.
Using, then, percentage errors as degree of learning for the
dependent variable it may be stated as a principle that the
extent of BCS-induced retention loss is an inverse function
of the degree of learning of the tested habit.

This would

tend to support results gleaned by other investigators, es
pecially Braun and Albee (1952), who were able to show with
rats on a water naze, that the retention decrement following
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performance on Task B was a function of the similarity gradi
ent produced by the intensities of the stimuli employed in
the two tasks.

When tested for retention, performance on

Task B varied with percentage errors and by inference, with
degree of learning in Task B.

On the other hand, the BCS-

induced retention loss tended to be an inverse function of
degree of learning in Task B.

Therefore, retention of Task

B depends on the pre-shock performance of Task B, and the
acquisition performance of Task B depends on previous
practice with Task A •

That retention loss with ECS is a

direct function of Task B, and only indirectly related to
Task A^, follows from the following considerations:

First,

all stimulus-pairs in Task A were of equal difficulty, and
hence, by inference, were learned to the same extent.
Second, the effect of ECS on retention of Task A
constant for all stimulus-pairs.6

x

was

Third, Task A alone, sub

jected to ECS 24 hrs. after training, as was the temporal
relation in this study, would not have resulted in a retention loss significantly different than the control group.

6See APPENDIX A
7

Thompson and Dean (1955), using a visual discrimination
apparatus similar to the one in the present study, with re
flected light-dark discriminandi, found no significant differ
ence in retention between control Ss and Ss receiving shock 4
hr s. after the last training trialT
~
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behavioral manifestation for still another function, namely,
degree of learning.

This third index for percent errors

holds especial reference, or can be more logically related,
to the training on Task B, in which case, parenthetically
speaking, would be better expressed as the converse, "percent
correct responses."

This follows from the fact the "re

sponse" or "performance" is the only empirical event to
measure relatively permanent changes in behavior as a
function of previous experience.

In discrimination learning,

because of the constitutional characteristics of the experi
mental designs employed for use with this type of learning,
we are restricted to a relatively few performance measures,
namely, number of trials to reach a certain criterion of
learning, or the proportion of incorrect Cor correct) choices,
or less frequently, latency of response.

In view of these

considerations, we can, therefore, maintain without being ac
cused of logical inconsistency, that besides being an index
of difficulty and of retention, percent errors, in training
on Task B, was also an index of the degree of learning.
Using, then, percent errors as degree of learning for the
dependent variable it may be stated as a principle that the
extent of BCS-induced retention loss is an inverse function
of the degree of learning of the tested habit.

This would

tend to support results gleaned by other investigators, es
pecially Braun and Albee (1952), who were able to show with
rats on a water maze, that the retention decrement following
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ECS is an inverse function of the degree of original learn
ing.
In a summary attempt at relating training on Task A
to training on Task B to retention of Task B f may it first
be said that it shall be considered neither essential nor
desirable to employ some type of rationale, formal or other
wise, which uses a constellation of constructs as "explana
tory** mechanisms to account for behavioral aspects anchor
their interrelations.
be said that,

As a matter of fact, let it further

constructs or no constructs, all explanatory

mechanisms will be ignored, holding the opinion that they
consist of nothing more than convenient fictions, since that
they can neither be tested nor empirically demonstrated
independent of that which they purport to explain.

We shall

be content with a functional or descriptive analysis which,
by definition, remains within the realm of observable events*
the empirical data itself.
To summarize:

(1) since Task B was identical in all

groups, and since there was no significant bias in the
groups, then it follows that differences in performance with
training on Task B was due to some function of Task Ax*

(2)

Since the only variation between Task A^ in relation to B
was on an unidimensional continuum which defined a unitary
characteristic of the independent variable, and since the
relation between the two stimuli in each task was a constant
behaviorally, then it follows from (1 ) and (2 ), that

performance on Task B was a function of the similarity
gradient produced by the intensities of the stimuli employed
in the two tasks.

When tested for retention, performance on

Task B varied with percent errors and by inference, with
degree of learning in Task B.

On the other hand, the BCS-

induced retention loss tended to be an inverse function of
degree of learning in Task B.

Therefore, retention of Task

B depends on the pre-shock performance of Task B, and the
acquisition performance of Task B depends on previous
practice with Task A • That retention loss with ECS is a
x
direct function of Task B, and only indirectly related to
Task Ax , follows from the following considerations:

First,

all stimulus-pairs in Task A were of equal difficulty, and
hence, by inference, were learned to the same extent.
Second, the effect of BCS on retention of Task A
constant for all stimulus-pairs.6

x

was

Third, Task A alone, sub

jected to BCS 24 hrs. after training, as was the temporal
relation in this study, would not have resulted in a re
tention loss significantly different than the control group.7

6See APPENDIX A
7Thompson and Dean (1955), using a visual discrimination
apparatus similar to the one in the present study, with re
flected light-dark discriminandi, found no significant differ
ence in retention between control Ss and Ss receiving shock 4
hrs. after the last training trialT
”

SUMMARY
In general, this investigation constituted an effort
to supplement the relative paucity of functional analyses
available for learning variables which influence the retro
active effects of ECS on retention of acquired behavior.
Some knowledge has been already gained in the form of studies
relating the degree of ECS-induced retention deficit to Ca)
age of the acquired habit (Duncan, 1949; Gerard, 1955;
Thompson & Dean, 1955), (b) degree of original learning
(Braun & Albee, 1952), and (c) difficulty of the learning
task (Braun & Patton, 1950; Russell, 1949; Siegel, 1943).
Specifically, the purpose of this study was to investigate
whether the effect of ECS on the retention of the more recent
of two successive habits varies as a function of the stimulus
similarity between them.
A series of four simultaneous brightness discrimination
tasks was constructed by employing successive points along a
brightness continuum which had been chosen by humans Os on
the basis of equal appearing intervals.

The discrimination

problems derived in this manner were found to b e of equal
difficulty when tested on rats.
Pive groups of rats, with 16 Ss per group, were assign
ed randomly to five treatment conditions.
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The experimental
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variable was the degree of similarity between Task A and
Task B, where Task B was the same for all groups.

Group I

received no training on Task A; in Group V t Task A was
identical to Task B.
All Ss in Groups II through V were given 20 massed
trials on Task A with an inter-trial interval of 45 sec.
Twenty-four hours later, all five groups received 20 massed
trials on Task B.

Thirty sec. after

each experimental S received one ECS.

completing trial 20,
Twenty-four hours

after training on Task B, all Ss were given an additional
30 trials on the problem.

The number of errors made during

the post-shock training constituted the index of retention.
The results of the experiment indicated that a moderate
but consistent tendency exists to the effect that retention
of Task B is decreasingly affected by ECS with increasing
similarity to Task A.

In other words, retention of Task B

following ECS tends to be an inverse function of its simi
larity to Task A.

The F test for interaction (ECS x simi

larity), however, did not attain the .05 level of significance.
A possibility for this lack of significance was discussed in
terms of the precision of the experiment.
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APPENDICES

APPENDIX A
TEST OP DISCRIMINABILITY OP STIMULUS-PAIRS
It was pointed out in the INTRODUCTION (p. 7) that (a)
the brightness DL in humans corresponds to intensity levels
representing equal appearing intervals (Hanes, 1949), and
(b) that rats make equal responses to stimuli which coincide
with the equal appearing intervals in humans (Schlosberg &
Solomon, 1943).

On these bases, then, it is conceivably

possible that the EL in rats may correspond to the equal
appearing intervals chosen by humans.

This correlation, if

shown to exist, would provide an expedient method for con
structing a series of stimulus-pairs all of which would be
equally discriminable.

Even if the results were found to

be but approximations of the EL for rats, still a sizable
advantage would be gained over a mere trial and error pro
cedure in attempting to equate difficulty levels for differ
ent stimulus-pairs.
This experiment served the purpose of determining if a
series of stimulus-pairs, constant in difficulty of dis
crimination, could be constructed by employing the intensity
levels chose by human Ss to represent equal appearing inter
vals.

57

58
METHOD
Subjects
Thirty-two Vfistar strain albino rats, male and female,
90 to 120 days old at time of training served as Ss.
groups of 8 Ss were formed.

Pour

The assignment of the Ss to

the groups was determined by a table of random numbers
(Lindquist, 1956).

Each group was further subdivided at the

completion of training.

One-half the Ss of each group re

ceived ECS while the remainder served as control Ss.
Procedure
The apparatus, preliminary training and test problem
procedures, and experimental setting were identical in all
respects to that described under METHOD on page 9.
The method employed in fractionating a brightness con
tinuum into four equal appearing intervals by human Os is
described in Appendix B, p. 69.

The foot-candle values of

the intensity levels derived in this manner were as follows:
M
S1

(fixed)

S3
S4
S5

0.25
1.50

S2

(fixed)

SD

.53

20.00

3.6

150.00

15.0

250.00

irse of transferring these values
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discrimination apparatus itself, it was discovered that the
mechanical arrangement of the light sources imposed a re
striction on the upper limit of intensity obtainable.

The

production of a 250 foot-candle intensity could have been
achieved only at the expense of increased technical com
plexity of the apparatus.

It was, therefore, decided to

resolve this dilemma by shifting the scale of intensity
values downward one step; i.e., the lower most limit was
now defined by an intensity value of less than .25 footcandies, and the 150 foot-candle became the upper limit.
Pour different stimulus-pairs were formed by incorpo
rating every two successive points along the brightness con
tinuum as follows:
Pair

I

Pair

II

Sl-S 2 *

si

Ct J

S2

where,

Pair III

vv

S3

IV

s -s ♦
4 5

*4

Pair

S5

=

.25

f .c.

S

.25

f .C.

X

1.50

f .c.

S

20.00

f .c.

x 150.00

f .C.

The brighter stimulus in a pair was designated as the
positive (♦) stimulus.
The four groups of Ss and their corresponding treat
ment conditions were as follows:
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n
Group

Group

Exp.

4

Con.

4

Exp.

4

Con.

Train

Sj-S^

Trtmt.

Test

ECS

sl”s24'

X

Sl"S2*

BCS

4

S -S ♦
* O
S2 -S3+

X

2 3
S2"S3*

Exp.

4

S3 -S4-*-

ECS

S3 -S4+

Con.

4

S^-S.*
3 4

X

S--S.+
3 4

Exp.

4

S4 -S5*

ECS

S4 -S5+

Con.

4

S -S ♦
4 5

X

S -S *

II

Group III

Group

IV
4 5

Following preliminary training, all Ss in each group
were given 40 massed trials on the discrimination problem,
with an intertrial interval of 45 sec.

Thirty sec. after

completing trial 40, each experimental S received one ECS.
The alligator clips were applied to the control Ss' ears
but no shock was given.

The Ss were returned to their home

cages following the treatment.
Twenty-four hours later, all Ss were given an ad
ditional 40 trials on the problem.

The number of errors

made during the pre-shock training constituted the index
of discriminability; the number of post-shock errors, the
index of retention.
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RESULTS
The pre-shock performance measures are presented in
Table X in terms of percent errors, mean errors, and SD for
each group.

The mean error values for each group represent

the combined error scores of the experimental and control
subgroups inasmuch as there was no significant difference
between them as can be seen in Table XI.

In an effort to

determine if there were any significant differences in the
number of errors made by each group, a 2 x 4 (ECS x stimuluspair) analysis of variance was applied to the pre-shock error
scores.

As indicated in Table XI, the F ratio for stimulus-

pairs was 1 .0 1 , a ratio whose p is greater than .05 and,
therefore, not significant.

The F fs for ECS and interaction

were both less than unity.
The performance measures of the post-shock control and
experimental groups are given in Table XII.

Again, a 2 x 4

(ECS x stimulus-pair) analysis of variance was applied to
the error scores, which in this case (post-shock) constituted
an index of retention.

A p of less than .001 was obtained

for ECS, while similarity and interaction showed no signifi
cant differences, having p values of greater than .10 and
greater than .20, respectively.

These figures are given in

Table XIII.
DISCUSSION
Using the number of errors in the 40 pre-shock trials
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TABLE X
Performance Measures for Pre-Shock Groups

Groups
I
Mean Errors
SD
Percentage Errors

11

III

IV

15.25

17.62

18.12

15.25

2.82

3.31

4.43

2.00

38

44

45

38
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TABLE XI
Analysis of Variance of Pre-Shock Errors

Source

df

MS

P

Stimulus-pairs

3

14.00

1.01

ECS

1

3.00

.22

Interaction

3

1.67

.12

Within

24
Total

31

13.83
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TABLE XII
Performance Measures for Post-Shock .Groups

Groups
I

II

Mean Errors

5.25

7.00

8.00

8.75

SO

1.92

4.06

0.71

2.68

13

18

20

22

10.00

12.50

13.25

10.00

2.55

2.60

1.92

1.87

25

31

33

25

Percent Errors

Mean Errors
SO
Percent Errors

III

IV
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TABLE XIII
Analysis of Variance of Post-Shock Errors

Source

df

MS

Stiraulus-pair

3

12.67

ECS

1

140.00

Interaction

3

8.67

24

7.96

Within
Total
*p *

*.01

**p * * . 0 0 1

31

F
1.59*
*★
17.59
1.09
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as an index of difficulty, the results shown in Table XI
indicated a lack of significant differences among the groups
with respect to the discriminability of the 4 pairs of
stimuli as used in this experiment.

Apparently, therefore,

it is possible to use the intensity levels representing
equal appearing intervals to construct stimulus-pairs pos
sessing the same degree of discriminability.

As a conse

quence of these results, it was possible to employ these
same stimuli in the principle investigation.
Having thus satisfied the primary object of this ex
periment, i.e., test of discriminability, it was decided to
verify before launching the principle investigation, the
expectation that a single ECS, delivered within 30 sec. after
the last training trial, would be sufficient to effect a sig
nificant decrement in retention as measured by the number of
post-shock errors.
out.

A p value of

.001 bore this prediction

Furthermore, as indicated in Table XIII, the inter

action (ECS x stimulus-pair) was not significant, indicating
that ECS does not have differential effects as a function of
different stimulus-pairs.
SUMMARY
Four groups of rats, with 8 Ss per group, were trained
on a simultaneous brightness discrimination problem using
pairs of stimuli constructed from intensity levels chosen
by human Os to represent equal appearing intervals.

The
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four pairs of stimuli-to-be-discriminated were formed by
taking every two successive points given by a quadrisected
brightness dimension.

The four groups were subdivided

subsequent to the problem training, and one-half the Ss re
ceived 1 fiCS within 30 sec. after the last training trial.
Twenty-four hours later, all Ss received 40 additional
trials and the number of errors made during this period
constituted the index of retention.
The results of this preliminary study showed the follow
ing;
1.

No significant differences between groups in number

of errors made during the pre-shock training period.

This,

therefore, was taken to indicate that the 4 pairs of stimuli
were all equally discriminable.
2.

A very significant difference between experimental

and control groups in the number of errors made following
the application of 1 ECS within 30 sec. after the last train
ing trial.

The error scores constituted the index of re

tention.
3.
pairs.

No significant interaction between ECS and stimulusTherefore, it appears that ECS has a constant retro

active effect on retention in all stimulus-pairs as used in
this experiment.

APPENDIX B
DETERMINATION OF EQUAL APPEARING BRIGHTNESS INTERVALS
The purpose of this study was to obtain five intensity
levels chosen by human Os to represent equal-appearing
intervals on a brightness dimension.

The obtained values

were then utilized in the formation of a series of stimuluspairs to be used for brightness discrimination problems with
rats.

The rationale underlying this approach is presented

on page 58 in Appendix A.
Observers
Five male graduate students from the LSU psychology
department were asked to volunteer to serve as Os.
Apparatus
The apparatus consisted of five independent light
sources each equipped with an iris diaphragm for the purpose
of intensity regulation.

The material components of each

light source were identical to their counterparts in the
discrimination apparatus itself.

Each unit consisted of a

300-watt projection bulb, an iris diaphragm, an interior
glass diffusing panel, and an exterior diffusing panel, ar
ranged serially in that order in a partitioned light-proof
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wooden box.

The dimensions of the external luminous panels

were exactly equal to their counterparts in the discrimi
nation apparatus.

Also, the panels were separated from each

other by a distance equal to that between the two panels in
the discrimination box.

The projection bulbs were air-

cooled by means of a blower fan.

A diagram of the apparatus

is illustrated on Pig. 8 .
Procedure
The object was to quadrisect into equal appearing
intervals a given brightness distance whose upper and lower
limits were defined by two invariant lights of given in
tensities (S^and S5, respectively).

This was accomplished

by manipulating the iris diaphragm in each of the three vari
able lights, S2 , S^, and S^, located between the two standard
lights.

The series of lights was positioned at a height

equal to the eye level of the O, who was seated on a chair.
The position of 0 *s head was equidistant from both ends of
the row and approximately 6 ft. in front of the centermost
light.

This distance was strictly arbitrary, and was chosen

to maintain constancy within and between observers in view
of the fact that perceived brightness varies with the distance
between the stimulus and the observer.
procedure was as follows:

Specifically, the

In order to bring O to a neutral

state, he was first dark-adapted under total darkness for
15 min.

The two standard lights were subsequently turned on,

and B instructed O to bisect the "distance1* by increasing or
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decreasing the intensity of the middle-most light (actually,
the controls were manipulated by £, O merely dictating the
direction of change).

The resultant "halves'* of the initial

bisection were themselves subsequently bisected in the same
manner.

Finally, after all the lights were on, E asked for

any further refinements 0 felt were necessary.
The intensity levels of the chosen points were de
termined by a Dejur foot-candle meter placed immediately
against the outside of the diffusing panel.

Each 0 quadri-

sected the distance three times, with a ten minute dark
adaptation period between each set of determinations.
Results
The data, in terms of foot-candle units, was treated
by averaging the settings for each point over all Os.
mean value and standard deviation for each intensity is
presented in Table XIV.

The
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TABLE XIV
Mean Poot-Candles and SDs for Equal Appearing Intervals

Stimulus
s a
*1
S2
S3
S4
s •
5

aFixed.

Mean
(0.25)

SO
—

1.5

0.5

20.0

3.5

150.0

15.0

(250.0)
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